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Conclusion: In the present study, none of the radiological response criteria analyzed demonstrated association of response to preoperative chemotherapy with pathological response or survival of the patients with operable STS. Further prospective investigation is required to develop criteria to evaluate not only tumor shrinkage but biological effects of preoperative chemotherapy for the patients with localized STS. 
Background
Soft tissue sarcomas (STS) are rare malignant tumors accounting for approximately 1% of all malignancies in the USA [1] . According to the Japanese Orthopaedic Association (JOA) Soft Tissue Tumor Registry in Japan, 1529 STS patients were registered in 2015 [2] .
It has been reported that preoperative chemotherapy is effective for operable, high-grade STS [3] [4] [5] . The standard chemotherapy regimen for STS is doxorubicin (DOX) and/or ifosfamide (IFM) [6] [7] [8] . DOX has been a key drug for many years in the treatment of STS and its response rate for STS has been reported to be approximately 25%, whereas IFM is another key drug in the chemotherapy for STS with response rate of approximately 30% [6, 7] . The responses to preoperative chemotherapy for operable STS have been evaluated using tumor size-based radiological response criteria such as the World Health Organization (WHO) [9] , Response Evaluation Criteria in Solid Tumors (RECIST) [10] , JOA [11] , and Choi [12] . However, the surrogacy of the radiological responses to chemotherapy for survival of the patients with operable STS is still controversial.
Another modality to assess the efficacy of preoperative chemotherapy for STS is histological evaluation of tumor necrosis using the resected specimen after surgery. The pathological response to chemotherapy is thought to have better correlation with survival of the patients with STS than radiological responses [13] [14] [15] . However, the limitation of use of histological evaluation is that the information is available only after the surgical resection of the tumor. If the assessment of efficacy on survival after preoperative chemotherapy for STS is possible before surgery using radiological response evaluation, it is very useful for the planning of surgical margin and the decision of additional adjuvant treatment including radiotherapy before surgery.
Moreover, the radiological response is an important outcome since response rate to chemotherapy is often considered as the primary endpoint in phase II clinical trials. Especially in clinical trials in which many institutions participate, a modality to evaluate the response might be ideal if it is simple, quick, and objective. The response evaluation by changes in tumor size on the radiological image is much suitable for those conditions. However, it is still unclear which radiological response criteria exhibit the most reliable association with pathological response and/ or survival of the patients with STS.
Comparison of WHO and RECIST and RECIST and Choi criteria in the evaluation of response to chemotherapy for advanced STS has been reported [16, 17] . For operable STS, the comparison of radiological criteria in local radiotherapy, hyperthermia, and perfusion therapy were reported [18] [19] [20] . However, there is no study prospectively comparing various size-based response criteria in the preoperative chemotherapy and analyzing association with both pathological response and survival of the patients with operable STS.
In the present study, we therefore conducted comparisons of the radiological responses to preoperative chemotherapy for operable STS assessed by RECIST, modified RECIST, WHO, JOA, and modified Choi criteria to elucidate the association with pathological response and survival using the data from JCOG0304, a phase II clinical trial evaluating the efficacy of perioperative chemotherapy consisting of DOX and IFM for STS in the extremities [5, 21] .
Methods

Ethical statement
This ancillary study plan was included in the JCOG0304 protocol, and it was approved by the Clinical Trial Review Committee of JCOG and by the Institutional Review Boards of each of the 27 participating institutes. The written informed consents were obtained from all of the patients before entry to JCOG0304. /day × 5 days) was conducted for three courses with 3-week intervals. Thereafter, surgical resection of the tumor was performed within 5 weeks from the first day of the last course of preoperative chemotherapy, and the resected tumor was subjected to the assessment of histological response. After the surgery, postoperative chemotherapy using DOX (30 mg/m 2 /day × 2 days) and IFM (2 g/m 2 /day × 5 days) was performed for two courses every 3 weeks. The details of the surgery were reported elsewhere [5, 21] .
Evaluation of radiological response
The radiological response to chemotherapy was assessed after the last course of preoperative chemotherapy using magnetic resonance imaging (MRI) by changes in the tumor size according to RECIST, modified RECIST, WHO, JOA, and modified Choi criteria (Table 1) . MRI of the tumor was conducted within 28 days before enrollment of the patient as the baseline evaluation. After preoperative chemotherapy, MRI of the tumor was conducted again between 14 and 28 days after the first day of the last course of the chemotherapy for the response evaluation. Briefly, in RECIST criteria, the response was measured using the longitudinal diameter of the cross section of the lesion and was classified into four groups: complete response (CR), no residual tumor; partial response (PR), 30% or greater decrease; stable disease (SD), no significant change (less than 30% decrease or less than 20% increase); progressive disease (PD), 20% or greater increase [10] .
In modified RECIST criteria, which was made specific to JCOG0304, the product of the largest perpendicular diameters of the cross section of the lesion was calculated, and the responses were assessed as follows: CR, no residual tumor; PR, 50% or greater decrease; SD, no significant change (less than 50% decrease or less than 44% increase); PD, 44% or greater increase [5] .
In WHO criteria, the product of the largest perpendicular diameters of the cross section of the lesion was calculated, and the responses were assessed as follows: CR, no residual tumor; PR, 50% or greater decrease; SD, no significant change (less than 50% decrease or less than 25% increase); PD, 25% or greater increase [9] .
In JOA criteria, the longitudinal diameter or the product of the largest perpendicular diameters of the cross section of the lesion was calculated, and the responses were defined as follows: CR, no residual tumor; PR, 30% or greater decrease (one direction) or 50% or greater decrease (two directions); minor response (MR), greater than 25% decrease or less than 50% decrease (two directions); SD, no significant change (less than 30% decrease or less than 10% increase in one direction, or less than 25% decrease or less than 25% increase in two directions); PD, 10% or greater increase (one direction) or 25% or greater decrease (two directions) [11] .
In modified Choi criteria, the longitudinal diameter of the cross section of the lesion was measured, and the responses were classified as follows: CR, no residual tumor; PR, 10% or greater decrease; SD, no significant change (less than 10% decrease or less than 10% increase); PD, 10% or greater increase [12] . Since the present study focused only on the size change of STS, computed tomography (CT) density was not considered in the modified Choi criteria.
The radiological response was assessed as positive in the cases of CR and PR in those criteria except for JOA and in the cases of CR, PR, and MR for JOA.
Evaluation of pathological response
The pathological response to preoperative chemotherapy using the surgical specimen was also evaluated. The pathological response (tumor necrosis) was defined as follows: grade 0, necrosis less than 50% of the surgical specimen; grade 1, 50-90% necrosis; grade 2, greater than 90% necrosis; grade 3, no viable tumor cells. The pathological response was assessed as positive in the cases of grade 2 and 3.
Evaluation of survivals
The definition of progression free survival (PFS) and overall survival (OS) were previously described [5, 21] : PFS, 
Statistical analysis
Sensitivity, which was defined as a proportion of radiological response (CR, PR, MR) of tumors among those pathological response (grades 2 and 3), and specificity, which was defined as a proportion of radiological non-response (SD, PD) of tumors among those pathological non-response (grades 0 and 1) were calculated. As a measure of concordance between radiological response and survival, concordance index (C-index) was calculated by Harrell's method [22] .
The PFS and OS were estimated using the Kaplan-Meier method. p values and hazard ratios (HRs) were calculated by the log-rank test and Cox proportional hazard regression model. Differences were considered significant when p values were < 0.05. Statistical analysis was performed using SAS version 9.4 (SAS Institute, Cary, NC).
Results
Response to preoperative chemotherapy
A total of 72 patients who suffered from operable highgrade STS in the extremities were enrolled in the JCOG0304 trial (Fig. 1) . Details of the patient characteristics were reported previously [5] . Briefly, 70 out of 72 patients were eligible and assessed for radiological response to preoperative chemotherapy. The results of the size-based radiological response are summarized in Table 2 . In RECIST evaluation, 12 PR, 53 SD, and 5 PD were observed, resulting in the response rate of 17.1% (95% CI, 9.2-28.0%). Using modified RECIST, 15 PR, 52 SD, and 3 PD were assessed, and response rate was 21.4% (95% CI, 12.5-32.9%). By WHO criteria, 15 PR, 49 SD, and 6 PD were found, and response rate was 21.4% (95% CI, 12.5-32.9%). The evaluation with JOA criteria demonstrated 17 PR, 8 MR, 36 SD, and 9 PD, and response rate including MR was 35.7% (95% CI, 24.6-48.1%). Finally, with modified Choi criteria, 27 PR, 35 SD, and 8 PD were observed, indicating response rate of 38.6% (95% CI, 27.2-51.0%).
On the other hand, 68 patients were assessed for pathological response to the chemotherapy. The pathological evaluation demonstrated that 21 patients were assessed as grade 0, 27 as grade 1, 15 as grade 2, and 5 as grade 3. The proportion of pathological response to preoperative chemotherapy was found to be 28.6% (95% CI, 18.4-40.6%).
Association between radiological response and pathological response Table 3 shows the association of radiological responses and pathological response. The sensitivity and specificity with pathological response were 10.0% and 82.5% in RECIST, 20.0% and 77.8% in modified RECIST, 20.0% and 77.8% in WHO, 35.0% and 63.5% in JOA, and 35.0% and 60.3% in modified Choi, respectively.
Association between pathological response and survival
The median follow-up period for all surviving patients in the present study was 8.7 years. At the data cut-off, 56 patients were alive and 14 patients had died. The probabilities of 5-year PFS and OS for all patients were 66.7% (95% CI, 54.2-76.4%) and 84.1% (95% CI, 73.1-90.8%), respectively. When the association of pathological response and survival was evaluated, the percentage 5-year OS of the 20 patients assessed as grade 2 or 3 was 90.0% (95% CI, 65.6-97.4%), whereas that of the 48 patients assessed as grade 0 or 1 was 81.3% (95% CI, 67.1-89.8%). 
Association between radiological response and survival
When the association of radiological response and survival was evaluated, the percentage 5-year OS of the patients assessed by RECIST as PR was 91.7% (95% CI, 53.9-98.8%), whereas that of SD or PD was 82.5% (95% CI, 69.8-90.2%) (Fig. 2a) . The difference was not statistically significant (HR 1.37; 95% CI, 0.38-4.97; p = 0.63), and calculated C-index for OS was 0.50 (95% CI, 0.15-0.86). The percentage 5-year PFS of the patients assessed by RECIST as PR and SD/PD was 66.7% (95% CI, 33.7-86.0%) and 66.7% (95% CI, 52.9-77.3%), respectively (Fig. 2b) . The difference was not statistically significant (HR 0.99; 95% CI, 0.34-2.92; p = 0.99), and C-index for PFS was 0.50 (95% CI, 0.23-0.77). As shown in Tables 4 and 5 , all other tumor size-based criteria of radiological response did not exhibit significant correlation with OS or PFS of the patients with STS treated by preoperative chemotherapy.
Discussion
In this study, we investigated the association of all size-based response criteria with the pathological effects and survival of the patients with operable STS in phase II clinical trial JCOG0304. The results indicated that the size-based response to preoperative chemotherapy was not predictive of histological response or prognosis of the patients with operable STS. The evaluation of the efficacy of chemotherapy for STS by radiological images has been developed in advanced cases, since the operation is basically not performed for advanced STS and the histological response using the resected specimen cannot be judged. To date, however, there is no consensus which of the criteria is most suitable for evaluation of survival of the patients with advanced STS treated with systemic chemotherapy. Moreover, it has been reported that it was not possible to find a threshold of change in the tumor size associated with survival of advanced STS even if the threshold was varied [23] . Our results were consistent with the past study reporting that there was no association between tumor shrinkage and prognosis in advanced STS. It is noteworthy that the radiological response criteria have been originally developed for carcinomas, not for sarcomas including STS. In solid tumor cancer, the tumor is mainly composed of cancer cells with scant extracellular matrices. Thus, the death of cancer cells by chemotherapy could directly lead to the reduction of tumor size. The results of the RECIST evaluation of tumor shrinkage in cancer chemotherapy were well associated with prognosis of the cancer patients [24] . In STS, unlike solid cancers, there are rich extracellular matrices around sarcoma cells. Thus, even if sarcoma cells die due to chemotherapy, the size reduction might not be obtained in proportion to the reduction in the number of sarcoma cells since the area of matrices do not change significantly. This might be the reason why the death of sarcoma cells does not always lead to the size reduction of STS and why size-based response criteria could not predict pathological effect or survival of the patients with STS.
In gastrointestinal stromal tumor (GIST), since size reduction of tumor was not an indicator of efficacy of chemotherapy, Choi criteria was developed using the changes not only in tumor size but in density in CT images as a method reflecting the biological state of tumor for the evaluation of efficacy of imatinib on metastatic GIST [12] . It has been also reported that Choi criteria showed better association with PFS and OS in operable STS than RECIST, although the association with pathological response was not analyzed [25] . In the present study, size-based response assessed by modified Choi criteria, where CT-density was not assessed, was not associated with pathological response or survival of the patients with localized STS as well as other response criteria. The biological evaluation using CT density or FDG-PET [26] might be needed to measure the true efficacy of preoperative chemotherapy for operable STS.
The limitations of the present study were as follows: (1) we focused only on the changes in tumor size, and CT density included in the original Choi criteria was not evaluated, (2) the number of patients analyzed and events of OS and PFS were small; therefore, the power and accuracy of the study was not enough to make a conclusion about the surrogacy of radiological response to preoperative chemotherapy for survival of the patients with operable STS. In fact, the power was as low as 20% or less with the number of observed events of 23 to detect the hazard ratio of 1.5 in terms of PFS.
Conclusion
This is the first report prospectively comparing various size-based response criteria in the preoperative chemotherapy for STS and analyzing the association with both pathological response and survival of the patients with operable STS. The results might suggest that none of the radiological response criteria analyzed demonstrated an association of response to preoperative chemotherapy with pathological response or survival of the patients with operable STS. Thus, further prospective investigation may be needed to develop criteria to evaluate not only tumor shrinkage but biological effects of preoperative chemotherapy for the patients with localized STS. 
